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ISTHODUCTIOH 

The primary object of thii paper Is to make a survey of some of the 
experimental methods which have been employed to determine the minimum 
oil film thickness In an operating Journal bearing with the Intent of 
recommending the best method to be used by further Inreetlgatorc* A 
secondary objective Is to Include as many as possible of the various 
methods since their descriptions are widely dispersed throu^out the 
literature* 

The modern tendency toward the use of hif^—epeed machines with 
heavy load concentrations on the bearings siakeB It essential to know 
Just vdiat this minimum film thickness is in order to properly design 
compact bearings that will give long and dependable service under adverse 
as well as desirable operating conditions* 

It ml^t be said that the existence of film lubrication was accl» 
dentally discovered by Tower (1) In his experiments with a bath lubrl>< 
cated half bearing. This discovery led to the study of lubrication as 
a pertlcixlar problem In fluid motion, Beynolds (2) arrived at the 
differential equation for the lubrication of a bearing, Sommerfeld (3) 
succeeded In integrating Reynold *s equation for all values of shaft 
eccentricity and In extending the solution to the half and the full 
bearing* keeping Reynold's assumptions of negligible side leakage (an 
Infinitely long bearing) and regarding the viscosity of the lubricant as 
constant, Troa this point* no siatheskatlcal solution* for all ranges* 
which has considered side leakage has been forthcoming although many 
approximate solutions have been proposed* The solution of Reynold's 
equation* Including side leakage, has been worked out exactly In certain 
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•p- '*0 •*** 'Jrt Tjs’-ijin » c>; •/ '•Je'l aids "io i»#(,oo -rfr 

agrtinit »T»W xla^dw sboii^e^ 

'io ifaiJaf \fli <IH* i^a*x^ot aa ni itm Xio 

A ,aiOit«P' ladtTJi^ b^^Ji 4rf iaodiam 3s*<! ndA 
icrott«v •dS 1o ©Idl^-io*; •* v;a»4 a« ^Urlorfl oj ei »viio«{,J^o "^i^feaoosa 
«d« ^uod;,*/0'ra? ’irxs!** \;X«fX« 9*tn »09i4 •4cd^«« 

dSJrw aaalilamg j&eqa-dj/A l-o sa# is'Mbstv •dT 

wood 05 ^X «S<^4E »^4.l-lJ44stf •CiJ flO »tr* il-?SX!90»0D b<K»X 'iyn»d 

onisftl) »S 's»b'xo al «t S99ndolAi mSil 9idS 3»^ ^sirt 

»«7bt 6« asJbnif fiolvx 98 9Xd«*£us%x&t bat. |mso.( ovl^t Xilw SaAj it»i»<f rfojtqraoo 

♦ saolJitaoa %atiBi9jo BX(f»qta<»b a» XX«w as 
-•ooft a^w aoiisoXitftX aXi^ oasialxa tdi 3»di btaa »tf *2 

“Ivd’i/X d^«o' ft 8^a*'sXa*tTft aid ol (X) ibboT 
»B aotSaol'tdaS to xbafa «sii oS b*>X aXrf^ 

»riJ S~ b&vt'T.’zf (^) 8bX'-,a»i>t ,ij;t-ti^oa f'X:*’!' ul ■aXdo'tq a 

(C> »^/tX*i«9Cf ft '^o aro I ^"oiidirX “xot afti^ftftpt X# f 4'J'^ "ftlUb 

^tada lo a©i»Xftv XXft lo'i «o*^fttrr»B a^bloarz^'-* '»«* ft?nl ">i iw*!*»i* -v»t/a 
XXxrt 9ri^ baA lifta »dS oi notSuloB od^ &* bn-i 'riioi'Aaftftpft 

Oft) «oftA«*i »nl» •rwi>iX*»«a .o saol^criticiaft 
«• ^oAoivTi/i «d4 lo xSlavjwl'v 9 bS bap (|w''X "''»ftrf 

XXft ie>1 .voX^xflol Cnoi .tftaedjft* on , 9 tM »ot^ .inftJAOoo 

%c>» Xt^on^Io */iiO0ontfio> sftd rOis oad dMid* 

oolttfloo ^ Oi^i^irXoa ftiaattftTTTft 

aiis^iso ai vX#*^fti9 ^o'o a44cf pfta ,«a* 0P'9X •f>2* jif52U;*pni ,n024«»»’t»ft 
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ranges for full and partial t>eaxing« subjected to constant load bj 
Musket and Morgan (5)« by Caaeron and Voods (6)* and by Veters (?)• 

A solution of ths problea considering both side leakage and Tariable 
viscosity was achieved by Kingsbury (4-) with the aid of an electrical 
analogy* 
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l>«i» ebis Atod ^twmhi*n^ lo nol^j/io* 4 

l*oi a» to 4i« 9dd riSi'4 (•*i) ^"»r4«OMi) Osf^iflo* ••» xJ^ltcSisiT 






DKSCHIPTIOir OF SOKE METHODS USED 



In 1916 (SOnbel (lO) Bade one of the firet etteopte to deteraine the 
chaft eccentricity by Beans of two lerers arranged at right angles. The 
results were not satisfactory, hoverer, on account of Tibratlon, Stoney, 
Boswall, and Massey (11) and Bocwall and Brier ley (8) Bsile sose Beaeure~ 
ments using an apparatus designed by Dr. Gerald Stoney. This apparatus 
consisted of a Journal vdiich worked in conjunction with two dlanetrically 
opposed bearings carried by two vertical ares. The arns are coupled 
together by two independent links each coatprising a bolt with knife~ 
edge attachments. The distance between the lower pair of knife-edges 
was fixed. These points act as centers about which the arse can rotate, 
but place no restriction upon SBall p>arallel dieplaceaents of the arms 
in a vertical direction. The upper pair of knife-edges enables presettre 
to be applied on the arBS at these points by Beane of a spring vhich can 
be compressed by a wing-nut. For the purpose of measuring dieplaceoents 
of the bearings relative to the Journal, two sensitive microaetere, one 
vertical and the other horizontal, are fitted at the upper end of the 
eras. The accuracy of the meaeureBente is increased by the length of the 
lever arms to which the Bicrometers are attached. 

Commencing in about 1916, a group of students under the direction of 
Professor G. H, Marx (12) at Stanford University conducted a series of 
experiments with li^tly loaded bearings using a #cre»e»BlcroBeter arrange- 
ment (three micrometers equally spaced around the Journal), The stems 
of these micrometers were passed throu^ the bearing and formed part of 
a series electrical circuit with the Journal, earphones, and a small dry 
cell. With this setup, the earphones gave a distinct click when the stems 
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of the microneter* were ecrewed into contact with the Journal* The 
reeulte of these experiments indicated that the Journal tended to ride 
slig^htly above the center of the bearing. 

In 1929 Goodiaan (13) published the results of tests using two Oeneva 
G^ges spaced at ninety degrees. These gages were mounted in a cage 
secured to the shaft by two pre-loaded ball bearings, one on each side of 
the test bearing. The ends of the gages then rested against the outside 
of the bearing shell, their readings thus gave the horlsontal and vertical 
movement of the center of the Journal with respect to the bearing, 

Bradford and Davenport (14) give results when using a machine 
(complete description is given in Bulletin No. 39 of the Engineering 
Experiment Station of The Pennsylvania State College) which had three 
equally spaced dial aieroaeters fitted to the end of the bearing and 
having their stems bearing against the shaft. 

In 1930 Elxige and Linckh (15) made some measurements by use of pieso- 
electric methods. The principle of this method utilises the property of 
a crystal of q[uarts to charge up electrically when it is subjected to forces 
which attempt to deform the crystal. 

Stone (16) used an electromagnetic gage method vdiich consiste of 
mounting two U-thaped electrcmagnets diametrically opposite each other, 
with a ring of laminations shrunk on the shaft forming the armature. The 
electromagnets carry a primary and a secondary winding •— the primaries 
connected in series, the secondaries in series opposed, for a centrsl 
p>08ltlon of the shaft, the voltage in the secondary circuit is sero. As 
the ehaft moves, effectively changing the reluctance of the circuit by 
increasing the air gap on one side and decreaelng it on the other, the 
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secondary Tolt&i;e rises directly vith the motion 








Fig« 1. SchemAtic of Stoners Electromagnetic Micrometer 

The experimental apparatus has a claimed accuracy to less than 
l/lOOfOOO inches* For a sli^t morement of the armature (shaft)* an 
appreciable yalue of ^ is obtained vdiich is a direct measure of 
the shaft moTeaento Calibration is obtained by measurement of the 
Toltage trace for a known displacement* The shaft morement is then 
obtained by measTiring the roltage trace and multiplying by the call" 
bration factor* By using two sets of these meastiring coils* the motion 
of the shaft center can be determined* 
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Stone an<l Underwood (1?) nenexirnd the rainlmm fllsi thickneee for a 
rotating load hy paesing a pin throu^Ji the hearing and holding It in 
place against the ehaft hy a leaf eprlng# Thie pin in turn wae fastened 
to a movable plate of a capacitor. The change in capacity is thus a 
aeasTire of the film thlcknees, 

Simona (18) used a capacitive nlerometer (detalle ef circuit given 
in SloctronlcB '7ol,19t 19^, pp 106 - 111 ) which consists of two capacitor 
probes mounted at ri^t angles which will show the position of the 
Journal with reference to a fixed point. In principle, minute displace- 
ments of the shaft are mensured as a function of changes in electrical 
capacitance between the shaft and the micrometer probes. This capacitance 
is made part of the resonant circuit of a hi^^h-frequency radio oscillator, 
and variations cause sufficient changes la oscillator frequency to be 
readily meaeured by techniques developed for frequency-modulation broad- 
caetlng. 

Physically, the apparatus uses two probes lapped to the ssiae radius 
as a short shaft extension secured outside the bearing. These elements 
form essentially a split-stator capacitor whose rotor is the shaft extension, 
Zach micrometer channel output is connected norsially to one pair of plates 
of an oscilloscope. The pattern produced on the oscilloscope screen by 
rotation of the shaft represents the position of the shaft axis. 

As used by Simons, the oscilloscope screen is used as the clearance 
circle, that Is, a circle whose radius is the radial clearance between the 
shaft and bePTlng. Starting with the spot on the scope at the rest 
position of the shaft when the shaft la not In motion, the motion of the 
spot will thus represent the motion of the shaft center as the shaft comes 
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tip to speed end equilibriua is reached# 



The inetruaent is calibrated by nensuring the spot deflection on the 
scope for n known shaft displeccaent# VI th this factor, the shaft eccen~ 
tricity can be determined by caking ceaeuremente on the ecope itself or 
on a photograph of the scope* 

Oreengough (19) has experimented with a cutual Inductance type of 
distance measuring element which was developed on the principle of 
variations of mutual inductance between coupled air>-core coils excited at 
radio frequency* 



The primary coil is excited st radio frequency — the plane of the coil 
ie parallel to the plate* Under these conditions the electromagnetic field 
at the surface of the plate is exactly cancelled by the field of the eddy 
current* induced in the plate* A secondary or probe coil placed Just at 
the surface would have no voltage induced in it. If the probe coll is 
moved away from the plate toward the exciting coil, it vrlll be found that 
an increasing voltage ie picked up as the probe coil is moved closer to 
the primary coll* The voltage output of the probe coil can then be used 
ae an indication of the distance between it and the metal surface* 

To eliminete mechanical difficulties, both colls are mounted on one 
form, and thic aeeembly moved with respect to the metal* The instnnnent, 
as used to measure shaft eccentricity* consists of fotir probes and 
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Rssoclatad electrical circuit* nounted ninety de^eee apart around the 
shaft. The hase plate is a one and one-half inch vide bend of copper 
electroplated on the shaft Just outside the hearing area. 

By applying the Toltages fro* the probes to a cathode-ray screen 
and employing the circuits described in the basic paper* the spot on the 
screen is an accurate reproduction of the shaft eccentricity. The 
method is said to be eubstantlally Independent of the dielectric constant 
of tdiatever Insulating material is placed between the probes and the 
metal surface. Calibration is said to be quite simple, although provision 
must be made in the bearing mounting to move the shaft in the bearing by 
means of a hoist or Jacks. The shaft is held against the bearing wall 
immediately under each probe in turn. The zero-set control for each 
probe is then adjusted so that the spot on the cathode-ray tube is at the 
center of the screen. Since the shaft-bearing clearence is knovm precisely, 
this figure will be the spacing between the shaft and the bearing at the 
location diametrically across from the point of contact of shaft and bearing. 
The single probe deflection factor is one-half, so that the control knob is 
manipulated for an Indication of one-half this total clearance. When these 
adjustments have been made for all four probe assemblies, the instrument 
is completely calibrated. This method also usee the scope as the clearance 
circle, a given displacement of the shaft center is known to give a known 
displacement on the scope from which the actual shaft eccentricity can be 
determined. 

Tudor (20) made a study of bearing lubrication utilizing the electri- 
cal conductance between the shaft and bearing. Employing a cathode-ray 
oscillograph as an indicator and a moving film camera to record the con- 
ductance variation, he had some success in getting an indication of 
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Tarlations In fils thicknaet (tho conductance meaeuresente were carried 
out by a potentloaetrio sethod). For low values of volta<^e across the 
oil film, the current~voltage curve was linear which Indicated constant 
film conductance. As the potential across the fils was increased, a 
point was reached where the proportional relationship no longer held, 
the current increasing more rapidly than if the resistance of the film 
were ohmic. Furthermore, the value of the voltage corresponding to this 
breakdown of the linear relationship is affected by the operating 
conditione of the bearing, 

Tudor has shown that conductance traces can be fairly well repeated, 
but to obtain the film thickness one must calculate it from the resistance 
of the oil film as obtained from the voltage current c\irve which must 
first be obtained. The method has excellent possibilities for the study 
of lubrication phenomena, but in its present form it has not been possible 
to correlate the film thickness against the Sommerfeld variable due to 
the necessity for more rigid control of operating conditions, 

Allen (21) used the method of applying an electrical potential, 
between the bearing and shaft, sufficiently high to nipture the oil film. 
The breakdown voltage would thus be related to the minimum film thickness. 
For the measurements, an audlo^frequency oecillator was used ae the 
voltage source. The breakdown voltage was measured by a cathode-ray 
oscilloscope which was connected together with the oscillator as shown. 
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2. Schematic of Allen's Setup 

The alnlBras film thicknese was then calculated hy knowing the break-* 
down Toltage and using an aeexuned value of the dielectric constant of the 
lubricating oil, 

Shifflette (22) tried two methods of approach, one the measurement 
of the capacitance between the journal and bearing, the other measuring 
the voltage that would cause dielectric breakdown in the oil film. In 
both cases he used the bearing end journal as electric contacts or plates, 
Eis determination of film thickness was to calculate it from an assumed 
value of dielectric strength of the lubricating oil, knowing the measured 
capacitance in the one case and the impressed voltage that would cause 
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brealcdown In the second, For aeaetireoent of capacitance, he need a 
tlaple Wien bridge with the capacitance between the bearing and Journal 
being the unknown capacitance. Potential wae applied to the bridge by 
an audio~frequency oecillator, with earphones being used to detect the 
ninisnim balance, 

Vieweg (23, 2h) dereloped two optical nethods, one utilizing the pin- 
wheel effect due to a revolTlng screen on the end of the shaft, the other 
was based on the diffraction of a tsagentlal ray of ll^t, 

Wolff (25) used an interference nethod in which a parallel bean of 
ll^t of hOBOgeneous ware length is directed into the small clearance 
between a blade and the oil film. To each magnitude of the clearance a 
definite interference corresponds, vdiich is meastired on a screen as a 
distance of interference fringes from the most brilliant middle fringe. 

An interesting method of Journal observation was used by Hewkirk and 
Orobel (26). To accurately obserTe the behavior of the Journal, the shaft 
wee provided with a stiff projection. To increase the refinement of 
observation, the end of the projection was provided with a recess into 
which a 1/16 inch steel ball was set and centered with small screws. 

This ball acted as a convex mirror of small radius to give a virtual 
image of the crater of a small direct-current arc lamp. Since the 
diameter of the ball ie smell compared with the distance from the lli^t 
source, the position of the virtual image relative to the ball center 
changes very little with small movements of the ball, A combined microscope 
and camera was used to observe and record the motion of the ball. The in- 
strument was calibrated by determining the movement of the recorded li^t 
trace for a given ehaft displacement. 
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Gregory (2?) d«acribeg h cethod that hac bees used In the deterai» 
nation of Tery thin film* on plane sliders in ^ieh the transfer of radios 
actirity froa one oetal throu^ the film to the other surface was used* 

The deposit of radioactivity being dependent upon the thicknese of the 
oil film and time. However, it ie doubtful if a like method could be 
used with bearings, due to the operating characteristics. 
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COMPARISOa OP EXP^RIKEUTAL RESULTS WITH THSORETICAL 



The «if:niflcRnce of *ny expericiental result can only be fully 
appreciated if the fundanental conditions aesocieted with the fil» 
lubrication of curved surfaces are clearly underetood. Pilo lubrication 
nmst not be confused with botmdery, solid film, or greasy lubrication in 
which the bearing surfaces ere separated by an extremely thin filn and no 
actual flow takes place. The viscosity of the lubricant and the relative 
aovability of the surfaces are the controlling factors (6), The con~ 
ditions are physical and mechanical rather than chemical, with adhesion 
still having an inportant influence, 

Tor the purpose of conparing the various results of investigators, 
it is felt that the best method of approach is that of dynaaic sinilarity 
(9). that is, two Journal bearings are dynamically similar If they are 
geonetrlcally similar and operating with equal values of some operating 
variable such es^K/P, where N is the number of revolutions per unit 
time, P the load per unit projected area, the viscosity. Proceed- 

ing further with dimensional reasoning we arrive at h«^ /c -^J1AH/P,C/D, 
L/B) where C is the diametrical clearance, D is Journal diameter, L is 
bearing length, c is redial clearance, and is the miniouia oil film 
thickness. This relationship will remove the requirement of geometrical 
similarity ae far as clearance-diameter and length— diameter ratios are 
concerned, Por this study, it is the writer’s Intention to use ciirves of 
/® (dimensionless) against the Somaerfeld varlrsble (d/c^^e/P for 
corresponding values of L/d and arc subtended by the bearing. The above 
curves will be cosipcred with the corresponding theoretical values as 
given by Boyd and Halmonl (28), 
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Fig, 3, Coarpnrifon of Ooodnon** EottiltB With Theoretical 
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■iDiaaii thlckn«se of the oil wedge. Using the first approAch* Stone has 
eueceeded in asking eoae apparentlj accorete meae-ureaente of the motion 
of the Journal center. He has done this by s lcu.lt aneously measuring the 
horlrontal and ▼ertlcal motion of the shaft center by aeaswing the volt- 
age variations with hie electromagnetic tystea. Hie measurements agree 
fairly well with the results obtained by the classical theoretical approach. 

Greengough has used another electroaagnetlc eyetea and has incorpo- 
rated into it an Indicator which it designed to picture the shaft center 
on a cathode-rey scope ae an lllxUBinated spot. He also has superiaposed 
a scale over the scope which will read the ministua thickness and ite 
orientation directly. It should be pointed out that this method also 
gives the shaft center position. Greengough*s instrument has not yet 
proved to be quantitative, 

Sieons has incorporated the so called capacitive micrometer which 
was originally designed to check the rotation of lathe spindles. 

Basically it attempts to picture the shaft center on a cathode-ray scope* 

His results give an excellent picture of the moveaents of the shaft center, 
however, it must be said that his results are no acre in agreement with 
the theoretical values than other methods in regards to Binimxui fila 
thickness. 

Proa the second, or more direct approach, Allen and Shifflette have 
used the principle that the oil film will breakdown at its thineet point 
when subjected to an electrical potential between the Journal and bearing. 

If consistent results could be obtained from this method, it would 
possibly give the best results of all methods. However, to obtain the 
mlnlaua oil film thickness, one must calculate it from the dielectric 
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ttrccgth of the oil in uee. The ezect yalue of the dielectric constant 
of Tery thin oil filsie in hearings which are subjected to high pressuree, 
hi^ tenperatnres* and enornous rates of shear will not bear any relation 
to test results in a standard cell since wide tenperature and pressure 
changes hare an appreciable effect upon the dielectric constant. 

The conductance method as used by Tudor and the capacitance method 
used by Shifflette also use the bearing and journal as components of an 
electrical circuit. They make the assui^tion of constant geometry and 
also rely on computation of the film thickness from constants of the oil 
which are considered constant but which do not necessarily remain so. but 
change with the operating conditions of the bearing. 

The %rriter feels that althou^ the methode ueing the bearing and 
journal ae parts of an electrical circuit are not quantitative at the 
present time for determining the minimum oil film thickneee. they are 
still very ueeful in bearing study, particularly from the standpoint of 
predicting failure (21). since with these methods one is enabled to 
predict seizure a considerable time before any other indications of 
failure are observed. In this connection, it could conceivably be used 
as a method of obtaining the cause of the first of the train of circuit 
etances which lead to bearing failure. 

The writer feele that the method as described by Qreengou^, (19) when 
it proves to be quantitative, should probably be the preferable method of 
those reviewed to be used by future investigatore because of its 
simplicity in operation and the fact that it should give the shaft center 
eccentricity and angular orientation directly. However, one must still 
remember the limitations of this method as pointed out earlier. 
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PROPOSKD MFTHOP 0? SHA7T PCCISiiTRICITT EBTEHMINATIOH 
(ASSUMIHO ITHAT THK SHAi’T COMES TO AK EQUILIBRIUM POSITIOH) 

In proposing ft n«w exporimentftl Method of deteralnlng shaft 
eccentricity or ninlinaa fila thickness, it is the writer's Intention to 
recoKEiend n aethod which could he used either for oeaeurenents on an 
actual operating hearing or on a test stand in conjunction with ptirely 
experimentftl hearing work. Under these conditions rery hi^ rotation 
speeds can he expected, therefore, it is felt that there should he no 
connection to the shaft Itself nor should the test apparatus affect the 
hearing perforaance. Also, it is the writer's opinion that the neasuring 
systea should hare sufficient danping to prevent iapulses of a email 
Tihratory nature from confusing the actual ohserration procedures. 

The haelo instiauaent to he used is of the new pneuaatlc type (29) 
in vdiich the pressure between a fixed orifice (G) and a Tarlnhle orifice 
(S) is a function of the affective size of the variable orifice. 




Elg, 9» Schematic Diagrem of I’neuaatic Apparatus 
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The «lze of the orifice Gr is constant while the effective area of the 



variable orifice ie proportional to the surface area between the orifice 
face and the plate P: 



where h and H are aanoneter heif^tc as shown in Figure 9* is the 
effective orifice site of the fixed orificst and S is the effective area 
of the variable orifice. 

For deternining the shaft eccentricity of an operating bearing, two 
of the above gages would be required one for horizontal meesureBents, 
the other for vertical jaeasureioente. The f^gas would be secured to the 
bearing (B) and directed toward the jotirnal (J) as shown in Figure 10, 





The governing equation for this apparatus being (q - 4 t 




.a, 




/ 



V 




/ / 



V 



Pig. 10, Orientation of Pneumatic Gages to Shaft 
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Before nsing theee gagee to deteralne the tihnft eccentricltj one imiat 
flrit obtain a calibration cttrTC. It is recommended that this be done by 
mearorin^ the actual aeparation between the ▼ariable orifice face to the 
shaft by an optical interferometer. This calibration would not be 
performed on the shaft but on a like shaft vdiich is held stiffly in 
place by pre-loaded ball bearinge and which is being rotated during the 
calibration. This is necessary because viscous effects will change the 
calibration somewhat. Once the calibration curve ie obtained, it is a 
straightforward matter to measure the position of the shaft with respect 
to the two motinted gages. 

For purely experimental bearing determinations the only change to be 
made is to have the gages mounted in a cradle carried by the shaft and 
have the Jets impinge on flat plates mounted on the bearing. 











For this arrangement the calibration curve must be redetermined since the 
flat plates are stationary. 
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The prinary adTantagee of this eyttem are: first* sssall vibratory 

notions are damped out in the measuring tubes leaving one with the 
essential neasurements that are desired* end second* the magnification 
factor is quite high with a single gage and can be doubled if desired 
with a differential type of arrangement. 
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SECOSD P30P0SKD METHOD OP FILM THICOffiSS DSTSHMIHATIOH 



Since the oallbratlon of anj BeaatirlQg eyetea to he ueed for dynastic 
laeaeuresiente ie, at heet, extremely difficult, it is the writer's 
intention to deyise a scheme for purely experimental determinations, 
which will require no calihratlon onqe the wave length of the light 
ueed is known. 

Essentially, this apparatus would consist of a quarts hearing model, 
a very accurately ground and polished shaft, light sources, mirrors and 
lenses necessary for focusing the li^t, and a counting mechanism to 
count the firing shift# at a reflected interferometer pattern. 

To measure the film thickness, one would pass tv^o beaias of mono- 
chromatic ll^t at ri^t angles through the quartz hearing ~ the inside 
surface of which has been silvered — to the shaft. The light incident 
on the shaft would he reflected to the hearing surface where an inter- 
ference pattern would he pictured. 
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Fig, 11, Schematic Diagram of Proposed Optical Method 

A» the «nrface of the shaft moTes toward or away from the bearing 
surface, the Interference pattern would shift causing a fringe to go 
from ll^t to dark for the mowement of one-half wave length. 
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The fringe pattern would be viewed through two pnrrow elite, which 
are epe.ced a dletance apart ellghtly less than an integral wultiple of 
the actual distance between the fringes. The li^t frost each elit would 
fall upon its own photo-cell, the output froa these photo-cells would be 
fed into 8 counting circuit, as ehown in Figure 12, ICssentially, this 
circuit errangenent will give an output et the recorder of the algebraic 
sua of the fringe shifts; that is, if the fringes are moving in euch & 
direction ns to cause light to be Incident first upon photo-cell Sumber 
1 and then on Suaber 2 — that is, a 1-2 trigger — the output would be 
the Btxa of the triggered pulses; on the other hand, a 2-1 trigger would 
be subtracted leaving the algebraic sua of the number of half wave 
lengths notion of the shaft with respect to the bearing. 

In operation, one would start from sero at a known shaft position — 
relative to the besuring — when the shaft is stopped. Then with the 
number of wave lengths motion (by two of the subject gages - one for 
vertical measurements, the other for horlsontal measurements) from the 
known poeltion, one is enabled to plot the position of the sheft at any 
time. 

The *^TF? CHARGT'IH and AMpLIFIf? arrangement could possibly be a 
aodificatlon of the radio altiaeter. The recorder could be one of 
several types, preferably a brush type, but could even be an indicating 
meter. 
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?ig, 12 Block DlRerft* of rrin-:e Counting Circuit 



coifCLUsioirs 



In concluKlon it nunt be said thet the direct determination of the 
minimum oil film thickneei ie very difficult if not impoe«ible« Sereral 
methods have been derieed which give the motion and position of the shaft 
center. These results, particularly those of Simone and Stone, have 
proved that the shaft center will move somewhat as predicted by the 
hydrodynamic lubrication theory. However, due to the fact that the 
geometry of the bearing Is not constant, but varies considerably (in 
comparison with the oil film thickness) due to local elastic deformation, 
thermal expansion, shaft deflection throu^ the length of the bearing, 
and the surface roughness of the shaft and bearing, lends to the failure 
of any attempt at determining the alnlBum oil film thicknese by making 
measuremonte outside the bearing. 

If some definite knowledge of the dielectric strength of the 
lubricating oil under the conditions it operates in a bearing could be 
obtained, conclusive results could be obtained by some method which used 
the dielectric breakdown of the film since this is the most direct attempt 
at measuring the film thickness. 
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APPS®DIX A 



Basic ealcTilfttlon* for pneiunatlc type gage. 





Starting with the continuity equation 
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this final relation glTes the relationship between the ratio of the 
orifice diameters, but one muet first find S'n, . To do this we will 
proceed with the critera that we desire the Biaximum minimum ma^lfication 

. . f 

orer the entire range of measurement. From equation (2) n ~ ^ ^ (ps'' 









but from eqxiation (3) 
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where is the manometer hei^t when the rariable orifice is at a 
distance from the plate. Therefore (/^*) - ~ - (6) 
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Ve can now make a dimensionless plot of 
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We are now roady to introduce the range over \dilch we wish to use the 
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will give us in terms of H and s. 



But since we started this analysis with e picked value ot As or the 
range of the measurement desired and we have picked various values of . 
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Since both H and AS ^-s*e fixed numbers /O^ has some absolute 
magnitude. Going through this same procedure for many values of 
we can pick the value of which will give a maximum minimum value 

of over the range desired. Doing this we find — 
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